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Diet, Feeding Habits and Estimates of Daily Ration of
Young Lemon Sharks, Negaprion brevirostris (Poey)

ENRIC CORTES AND SAMUEL H. GRUBER

The diet of a tropical elasmobranch, the lemon shark, Negaprion brevirostris,
was investigated through analyses of stomach contents collected during two
sampling periods. Data set 1 consisted of the stoinach contents of 78 young and
sub-adult specimens caught in the Florida Keys and at Bimini, Bahamas, from
1981-85. Data set 2 (n = 86) consisted of newborn and young specimens only,
captured in the Florida Keys during the summer of 1986. In the two data sets
teleosts were the dominant prey, followed by crustaceans and mollusks. Stomach
contents from data set 2 were used to study food consumption parameters and
estimate daily ration. About a quarter of the stomachs in each data set were
empty. No pattern in diel feeding activity or differences in the amount of food
consumed by males or females were found. Feeding in the population was asyn-
chronous and intermittent, with a maximum duration in 11 h. Five methods were
applied to determine daily ration. Three of these methods were based upon
collection of data on stomach contents of sharks caught in the wild. The other
two were laboratory-based approaches. Estimates of daily ration ranged from
1.5-2.1% of the shark’s body weight.

TO understand the trophic dynamics of a
marine ecosystem one must evaluate the
influence of top predators. Food habit and food
consumption studies are useful tools in such an
evaluation. Because studies dealing with sharks
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are few, knowledge of the role of this important
group of ‘“‘apex’ predators in the sea, and es-
pecially in the tropics is still very rudimentary
(Gruber, 1982).

The lemon shark, Negaprion brevirostris, is a
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coastal, tropical shark, abundant in the shallow
waters of south Florida and the Caribbean, which
serve as nursery grounds for this species. New-
born and young lemon sharks commonly occur
at mangrove fringes and on shallow grass beds
in enclosed sounds or bays throughout the Flor-
ida Keys. Yet knowledge of the diet and feeding
habits of this shark is still fragmentary. Quali-
tative attempts have been made to describe its
diet (Springer, 1950; Clark and von Schmidt,
1965; Dahlberg and Heard, 1969), and quan-
titative information on the diet of 18 young
lemon sharks was provided by Schmidt (1986).
However, no studies have dealt with the daily-
food intake of the lemon shark and only a few
such studies have been conducted on other
species of sharks (Medved et al., 1988; Jones
and Geen, 1977; Stillwell and Kohler, 1982).

The purpose of the present paper is to: 1)
analyze quantitatively the diet of lemon sharks
in the Florida Keys and Bimini, Bahamas; and
2) gain some insight into the food habits and
estimate the daily ration of young lemon sharks
in the Florida Keys. We will show that the lemon
shark appears to be an opportunistic piscivore,
with no apparent pattern of diel feeding, that
consumes about 2% of its body weight (BW)
daily.

;
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MATERIALS AND METHODS

Source and handling of sharks.—Stomach con-
tents of lemon sharks were collected during two
sampling periods. Data set 1 consisted of stom-
ach contents from 78 lemon sharks (34 males,
40 females, four sex not determined), ranging
in precaudal length (PCL) from 47-205 cm.
These sharks were captured in gill nets and by
hook and line in the Florida Keys, near Lower
Matecumbe Key and Marathon (58 animals),
and in Bimini, Bahamas (20), during 1981-85.
Choice of the collection sites for data set 1 was
based solely on convenience and availability of
specimens. It was not the purpose of the present
study to compare the diet of the sharks from
the Florida Keys and from Bimini, Bahamas.
Data set 2 consisted of stomach contents from
newborn and young lemon sharks, which were
also used to study feeding habits and estimate
daily ration. For this reason, samples were ob-
tained at hourly intervals. All sharks in data set
2 were collected at mangrove fringes and on
shallow grass flats in several areas of the Florida
Keys. This set consisted of 64 stomach contents
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from 86 sharks (43 males, 43 females), ranging
from 43-83.7 cm PCL (¥ = 58.1 + 8.4 SD) and
from 0.821-7.086 kg in weight (¥ = 2.417 =+
1.18 SD), caught at Lower Matecumbe Key (17
animals), Marathon Key (8), and Big Pine Key
(61) during July and Aug. 1986. To avoid the
bias of attraction by bait, which resulted in up
to 80% of animals with empty stomachs in ear-
lier studies (Gruber, 1984), these sharks were
captured in monofilament gill nets. Four sec-
tions of gill net were used: two were 91 m long,
1.8 m deep, with 15 cm stretched mesh; and
two were 91 m long, 1.2 m deep, with 12.5 cm
stretched mesh. The nets were set in waters
ranging from 15-120 c¢m and the float line was
continuously observed from a nearby boat. The
sharks were immediately removed from the net
afid then weighed, measured, sexed, identified
as to time and place of capture, and marked by
punching holes in the fins. Each shark was then
anaesthetized lightly by placing it in a foam-
lined box containing approx. 15 liters of water
and 1.5 g of tricaine (MS 222). When the shark
was immobilized, the stomach was everted by
positioning the shark vertically, snout down,
over a collecting tray, and by using forceps to
reach into the shark’s stomach. The recovered
contents were stored in plastic containers filled
with 250 ml of 70% isopropanol. After this
stomach eversion, the shark was force-fed a piece
of snapper (Lutjanidae) or grunt (Haemulidae)
and a multivitamin tablet, and was released safe-
ly away from the net.

Laboratory and data analysis.—Identification of
stomach contents was carried to the lowest pos-
sible taxonomic level. For each food item, ex-
cess water was removed by blotting it on filter
paper. The volume of each food item was then
determined by water displacement to the near-
est ml in a graduated cylinder, and wet weight
was determined by weighing on an electronic
balance to the nearest 0.1 g. In addition, for
data set 2, the total length of each food item
was taken when possible and an arbitrary stage-
of-digestion value from 1-7 assigned (Table 1).
The digestion values were based on prior ob-
servations of fishes in various stages of diges-
tion, made during a field study of gastric evac-
uation (Cortés, 1987) in which young lemon
sharks kept in an enclosure in the natural en-
vironment, at temperatures ranging from 21-
27 C, were fed preweighed meals of snapper,
Lutjanus spp., or white grunt, Haemulon plumi-
eri. The stomach contents were recovered at
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TABLE 1. QUALITATIVE STAGE-OF-DIGESTION SCALE
FOR SNAPPER AND WHITE GRUNT FED TO YOuNnG
LEMON SHARKS, Negaprion brevirostris, AT A MEAN
TeEMPERATURE OF 25 C. The description of remains
includes only headless fish; each value from 1-7 is
equivalent to a time span of approx. 5 h.

Time
Stage of  after
digestion feeding
value (h) Description of remains

1 5 Almost intact; some scales de-
tached.

2 10 More scales detached; some flesh
loss, but backbone still intact
with flesh and most of scales at-
tached.

3 15 Some scales still attached; back-
bone first exposed; more flesh
loss.

4 20 Backbone more visible; flesh still
attached; most of scales de-
tached.

5 25 Backbone visible and centra sepa-
rating; some flesh still attached.

6 30 Pieces of backbone and spines;
hardly any flesh left.

7 35 Some scales, part of backbone,

spines in fluid matrix; no flesh
left.

varying time intervals after feeding (approx.
every 3 h) by using the stomach-eversion tech-
nique described above. These values were used
as standards to estimate the time of consump-
tion for prey items taken from the stomachs of
sharks in data set 2. The duration of feeding
activity for each shark was assessed by compar-
ing the difference between stage-of-digestion
values for the first and last ingested item in each
stomach (Diana, 1979). Each\food item was then
dried in an oven at 60 C for 72 h and placed in
a vacuum desiccator for an additional 24 h until
constant weight (dry weight) was achieved. Sam-
ples for the most representative food items were
ground in a Willey mill (General Electric), and
0.1 g pellets were made from the powder. Sub-
samples were either combusted completely in
an adiabatic bomb calorimeter (Parr, Inc.) to
determine energy content, or burned in a muf-
fle furnace at 600 C for 24 h to determine ash
content. Data for the species for which calorim-
etry was not performed were obtained from
other sources (Thayer et al,, 1973; M. Cum-
mings, pers. comm.). The mean energy value
of food consumed was the sum of the energy
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value of each individual species multiplied by
the percentage contribution of that species to
the diet.

Stomach capacity was measured for 23 young
lemon sharks in the size range of the specimens
in data set 2 (i.e., 45.5-83.7 cm PCL). It was
done by removing the stomach, ligating the py-
loric valve, and completely filling the stomach
with water from a graduated cylinder. How-
ever, we realize that this approach provides only
a rough estimate of actual capacity, since the
stomach can probably become more distended
in a live animal.

The contribution of different prey items to
the shark’s diet was determined by the following
quantitative methods (Pinkas et al., 1971; Hys-
lop, 1980): 1) numerical importance (%N), the
numbef* of items in each prey category, ex-
pressed as a percentage of the total number of
prey items; 2) frequency of occurrence (%F),
the ratio of stomachs containing a particular
prey compared to the total number of stomachs
containing prey and expressed as a percentage
(the sum of the values will exceed 100% because
several prey types can be found simultaneously
in a single stomach), 3) gravimetric importance
(%W), the wet weight of a prey category com-
pared to the total weight of the stomach con-
tents, expressed as a percentage; 4) relative im-
portance index (RI), based on the “absolute
importance index” (AI), which is calculated as
Al = %F + %N + %W and

T
RI =100 A1/} A],
1

where n is the number of different food types.

The weights of stomach contents were not
normally distributed but instead were highly
skewed towards the lower weight values. There-
fore, to test hypotheses concerning the weights
of stomach contents (e.g., as to whether males
fed more heavily than females), the data were
either log-transformed to render them normal
or non-parametric techniques applied (Sokal and
Rohlf, 1981).

Methods of estimating daily ration.—We applied
five methods to estimate daily ration. Three of
these methods were based upon collection of
stomach contents of fish sampled in the wild
and require prior knowledge of the rate of
digestion. We urge the reader to refer to the
original articles for more details on each of these
methods:

1) Elliott and Persson method (1978): this
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model assumes that feeding is continuous and
constant, and food consumption (C) between
time t, and t, is given by:

C.= (S, ~ See™™Rt/1 ~ e® )

where S, and S, is the amount of food in the
stomach at time O and t respectively, t is time
interval between samples, and R is the instan-
taneous rate of gastric evacuation.

For this method a sample of fish is collected
from the field at intervals of t hours during a
24 h period, and the mean weight of stomach
contents is used to estimate S, and S, for each
time interval. To obtain the daily ration, the
estimates at each time interval are summed over
24 h. Elliott and Persson (1978) indicated that
even if feeding is not continuous, their model
will produce an unbiased estimate of actual food
intake it t is kept to 3 h or less.

We used a value of R = —0.175, determined
by Schurdak and Gruber (1989) in a controlled
experiment in which captive lemon sharks were
fed a 2.7% body weight (BW) meal of a carangid
fish, the blue runner, Caranx chrysos, at 25 C.

2) Diana method (1979): this model was de-
veloped for a top carnivore, the northern pike,
Esox lucius, and assumes that gastric evacuation
is an exponential process, feeding is asynchro-
nous and intermittent, and feeding rates are
short while the interval between meals is longer
than digestion time. This model uses the stom-
ach contents of fish collected in the wild to de-
termine feeding frequency and establish meal
size and meal ingestion times. Meal frequency
(F) can be estimated by the expression:

F=B/1 - E %))

where B is total time to complete gastric evac-
uation, and E is the pYoportion of empty stom-
achs in the population

To estimate meal size, a qualitative scale for
evaluating the degree of digestion of an item is
established for each food item. The qualitative
stage-of-digestion scale we used was based on
only two prey items (Table 1). This scale permits
an estimate of time elapsed since feeding (t). By
substituting this time into the appropriate gas-
tric evacuation expression and knowing the in-
stantaneous rate of gastric evacuation (R), the
percentage of food remaining in the stomach
(S) can be estimated. This value can then be
applied to the measured weight of food in the
stomach ‘to- back-calculate meal size (S,). Once
meal frequency (F) and meal size (S,) are estab-
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lished, daily ration can then be calculated as
S,/F.

Based on the work of Schurdak and Gruber
(1989) and Cortés (1987), two different equa-
tions were used to determine the percentage of
food remaining in the stomach. Schurdak and
Gruber found that blue runner filets were com-
pletely evacuated from the stomach of young
lemon sharks in approx. 24.5 h, and that the
pattern of emptying was exponential. Cortés
(1987) found that a meal of natural prey items,
such as snappers or white grunts, was evacuated
in 28-41 h, and that the pattern of evacuation
was best described by a linear model. The dif-
ference in the evacuation times and models be-
tween these two studies may be explained by
the use of smaller more friable food by Schur-
dak and Gruber. Jobling (1987) reviewed the
effect of the type of food on gastric evacuation
in fish and concluded that smaller more easily
digested food is eliminated from the stomach
in an exponential manner, while larger items
are evacuated in a linear manner. Thus, the
equation:

S, = See™ ®)

where R = —0.175 (Schurdak and Gruber) was
used to describe gastric emptying and recon-
struct meal size of small, easily digestible prey
items, whereas:

S. =S, — Rt (4)

where R = —3.002 (Cortés, 1987) was used for
larger food items, assumed to be more difficult
to digest.

3) Olson and Mullen method. (1986): this
model was also developed for a predator, the
yellowfin tuna, Thunnus albacares, and assumes
that the predator eats a variety of prey which
are evacuated at different rates. However, it
does not require the rate of gastric evacuation
to be exponential. The absolute quantity of food
(W) remaining from any single meal (M) is ex-
pressed as:

W = Mf(t) (5)

where f(t) is the known proportion of food re-
maining in the stomach t time units after a single
meal. If W is the product of several meals taken
at several intervals, the following expression is
finally obtained:

W=mM/T) fo B f(t) dt (6)

where M is mean meal size and T is mean in-
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terval between meals, r = M/T is the feeding
rate, and if A is defined as the integral of the
function fit to gastric evacuation data:

A= J;w f(t) dt )

thenr = W/A. W can be estimated by weighing
the stomach contents of fish sampled at random
times, or if it can be assumed that the fish feed
at random intervals; f(t) is given by gastric evac-
uation experiments. If we assume meals are
mixed (i.e., a variety of prey types are con-
sumed), and evacuated at different rates, then:

=3 WA ®)

i=0

where i refers to each of the I prey types. For
this model we derived a feeding rate (r) for each
of the two prey categories also considered for
the Diana model, such that equation (8) be-
comes:

r= E wi/Ai = wnp/Aexp + wlin/Alin (9)

where V_V,,P and W, are the mean weights of
the food items digested in an exponential and
linear way respectively, and A, and Ay, are the
proportions of the food items remaining in the
stomach which have been digested in an ex-
ponential and linear way respectively. For the
small, friable prey:

r=V‘V/f e ® dt = WR (10
[

which is the Elliott and Persson equation to es-
timate daily food consumption (Mullen, 1986),
where R (= —0.175) is the constant exponential
rate of gastric emptying.

For the larger food items:

1/R
r=W/f (1 — Re)dt = W2R (11)

where R (= —3.002) is the linear rate of gastric
evacuation ‘expressed as a percentage by hour
(%/h). Daily meal is then calculated by multi-
plying r by 24, and daily ration is daily meal
expressed as a percentage of the mean wet body
weight of the sharks composing the data set
(2420 g).

4-5) Laboratory methods: the two other
methods we applied to estimate daily ration were

COPEIA, 1990, NO. 1

A

TELEOSTE!

CRUSTACEA

PLANT MATERIAL
(ANGIOSPERMI + PHAEOPHYTA)

TELEOSTEI

(79.83)

Y

) ANGIOSPERMI

(12.912)
CRUSTACEA
(5.813)
MOLLUSCA
(1.5%)

Fig. 1. Major food categories in the diet of the

lemon shark, Negaprion brevirostris, expressed by the
RI. RI is calculated for each food type as the sum of
the frequency of occurrence (%F), the percentage by
number (%N) and the percentage by weight (%W)
expressed as a percentage of the total %F, %N and
%W for all food types: A) data set 1 (n = 78); B) data
set 2 (n = 64, young sharks only).

laboratory approaches. In one of these methods
(see L-1 of Table 5), a ration-production rela-
tion is derived in the laboratory, and daily ra-
tion in the wild is estimated as the food intake
level that would provide for the growth of the
fish observed in nature, which is in turn ob-
tained from weight-length relations and mark-
recapture data. Growth of free-ranging animals
was obtained from Henningsen and Gruber (un-
publ.). For a standard age-0, 1309 g lemon shark,
growth in its first year of life is 130 mm /yr,
equivalent to 1388 g or an average 3.8 g/d of
new fresh tissue for an average 0.5 yr old 1931
g shark. This value was then plotted in the ra-
tion-production relation derived in the labo-
ratory by Cortés (1987) and a value of daily
ration back-calculated.

In the other laboratory method (see L-2 of
Table 5) one estimates growth, metabolism, and
excretion and substitutes them in the energy
equation (Winberg, 1960):

C = 1.25(G + M) (12)
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TABLE 2. SUMMARY OF FOOD CATEGORIES IN THE DIET OF 78 YOUNG LEMON SHARKS, Negaprion brevirostris,
FROM THE FLORIDA KEYS AND BiMiNi, BAHAMAS (DATA SET 1), EXPRESSED AS PERCENT BY NUMBER (%N),
FREQUENCY OF OCCURRENCE (%F), AND PERCENT WEIGHT (%W). Also shown is the RI, which is calculated for
each food type as the sum of %N, %F and %W, expressed as percentage of the total %N, %F and %W for

all food types.
%N %F %W
Food item n % F % wt (g) % RI
Pisces 115 69.3 93 119.2 1763.0 93.6 73.6
Teleostei 110 66.3 88 112.8 1432.0 76.0 66.6
Ariidae 2 1.2 2 2.6 24.5 1.3 1.3
Atherinidae 8 4.8 2 2.6 6.0 0.3 2.0
Batrachoididae 7 4.2 5 6.4 65.0 3.5 3.7
Blenniidae 6 3.6 3 3.9 17.0 0.9 2.2
Carangidae 6 3.6 5 6.4 128.5 6.8 44
Centropomidae 1 0.6 1 1.3 83.5 44 1.6
Elopidae 1 0.6 1 1.3 46.5 2.5 1.1
Gerreidae 1 0.6 1 <13 65.0 3.4 1.4
Hemiramphidae 8 4.8 7 - 9.0 60.0 3.2 4.4
Lutjanidae 9 5.4 8 10.2 260.5 13.8 7.7
Monacanthidae 2 1.2 2 2.6 20.0 1.1 1.3
Mugilidae 2 1.2 2 2.6 7.0 0.4 1.1
Ophichthidae 7 4.2 5 6.4 80.0 4.2 3.9
Unid. eels 4 2.4 3 3.8 1.5 0.1 1.6
Ostraciidae 2 1.2 2 2.6 18.5 1.0 1.2
Soleidae 38 1.8 2 2.6 8.0 4.0 1.2
Sparidae 9 5.4 8 10.2 140.0 7.4 6.0
Tetraodontidae 1 0.6 1 1.3 4.5 0.2 0.6
Unid. teleosts 31 18.7 28 35.9 895.5 21.0 19.7
Elasmobranchii 5 8.0 5, 6.4 331.0 17.6 7.0
Mollusca 5 3.0 4 5.1 0.1 0.01 2.1
Crustacea ‘14 8.4 14 17.9 68.5 3.6 7.8
Angiospermi 23 18.8 23 29.5 7.0 4.0 11.4
Phaeophyta 2 1.2 2 2.6 1.5 - 0.1 1.0
Unid. material 7 4.2 7 9.0 42.5 2.3 4.0

where C is the energy value of the food con-
sumed, 1.25 is a correction factor for non-as-
similated food, G is the ¥nergy for growth, and
M is the total energy of metabolism. We used
the estimate of field growth for age-0 lemon
sharks (3.8 g/d) and converted it into joules by
using a fresh weight energy value of 5.41 k] /g
determined by Cortés (1987). For the other un-
known, M, we used the average daily metabolic
rate of 67.8 kJ-kg~!-d™' at 25 C, based on an
oxycalorific value of 20.9 J/ml O, (Bushnell,
1982). Metabolic rate was then corrected for
the average weight of the fish in the sample
(2420 g). The values of G and M were then
substituted in the energy budget equation. Us-
ing the energy value of food consumed, the dai-
ly ration may be obtained. We used an energy
value for the food consumed of 5.05 k]/g wet

weight (average of 4.6 k] /g for food consumed
in the field and 5.5 k] /g for food consumed in
the laboratory; Cortés, 1987).

REsULTS

Diet.—Data set 1: Of the 78 stomachs exam-
ined, teleost fishes were the major food category
on a per number (66.3%), frequency (112.8%),
and wet weight basis (76%). Crustaceans, elas-
mobranchs, and mollusks were less common
(Table 2). The RI showed that teleosts com-
prised 67% of the diet, whereas crustaceans,
elasmobranchs, and mollusks comprised 8%, 7%,
and 2%, respectively (Fig. 1A; Table 2). Among
teleosts the main families represented were
Lutjanidae (snappers, 7.7%), Sparidae (porgies,
6%), Hemiramphidae (halfbeaks, 4.4%), Caran-
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Fig. 2. Variation in the RI of the major food categories in the diet of five length classes of the lemon
shark, Negaprion brevirostris, captured in the Florida Keys and at Bimini, Bahamas (data set 1). Sample size for

each length class is given in the figure.

gidae (jacks, 4.4%), Ophichthidae (snake eels,
'3.9%), and Batrachoididae (toadfish, 3.7%). Pe-
naeid shrimps were the major component of the
crustacean group, and mollusks consisted ex-
clusively of cephalopods, Octopus sp. Turtle grass,
Thalassia testudinum, represented 11% of the RI.

Because most stomachs were collected from
sharks in the 40-99 cm size range, with about
half of the sharks captured in the summer, we
could not adequately compare the diet of the
shark among size classes or among seasons.
However, the data available suggested that elas-
mobranchs were more important in the diet of
the largest size class (>140 cm PCL [x* = 58.5,
P = 0.01]; Fig. 2). Mollusks appeared only in
the 80-99 cm PCL class, whereas crustaceans
were not found in the 100-139 cm PCL class,
probably due to small sample size.

Data set 2: Of the 86 stomachs examined, a
total of 64 contained food. The major prey
group was teleosts, on a per number (75.4%),

e

frequency (131.2%), and dry weight (98.4%) ba-
sis (Table 8), whereas mollusks and crustaceans
were considerably less important amounting to
1.5% N, 3.1% F, 0.9% W, and 7.7% N, 14.1%
F, 0.4% W, respectively. The RI showed that
teleosts comprised almost 80% of the diet,
whereas mollusks and crustaceans represented
only 1.5% and 5.8%, respectively (Fig. 1B; Ta-
ble 3). The most important families of bony
fishes represented were Sparidae (20%), Ger-
reidae (mojarras, 10%), Lutjanidae (8.5%), Cy-
prinodontidae (killifishes, 8.5%), Haemulidae
(grunts, 5%), Sphyraenidae (barracuda, 4%), and
Atherinidae (silversides, 4%)(Table 3). The pink
shrimp, Penaeus duorarum, was less important
(0.86%) than the blue crab, Callinectes sp. (4.9%),
in the crustacean category. Octopus sp. was the
only component in the mollusk category. Turtle
grass (9.8%), manatee grass (1.82%), and other
unidentified plant material (1.24%) amounted
to 12.9% of the total RI.
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TABLE 3. SUMMARY OF FOOD CATEGORIES IN THE DIET OF 64 YOUNG LEMON SHARKS, Negaprion brevirostris,

FROM THE FLORIDA KEYS (DATA SET 2), EXPRESSED AS PERCENT BY NUMBER (%N), FREQUENCY OF OCCURRENCE

(%F), AND PERCENT WEIGHT (% W). Also shown is the Rl, which is calculated for each food type as the sum
of %N, %F, and %W, expressed as a percentage of the total %N, %F and %W for all food types.

%N %F %W
Food item n % F % wt (g) % RI
Pisces 98 75.4 84 131.2 317.0 98.4 79.8
Teleostei
Atherinidae 7 5.3 6 9.4 1.3 0.4 3.9
Batrachoididae 3 2.8 3 4.7 18.0 4.0 2.8
Belonidae 2 1.5 2 3.1 1.4 0.4 1.3
Cyprinodontidae 16 12.2 12 18.7 4.6 1.4 8.4
Ephippidae 1 0.7 17 1.5 0.1 0.0 0.3
Gerreidae 13 10.0 11 17.2 32.1 9.9 9.7
Gobiidae 1 0.7 1 1.5 0.3 0.1 0.6
Haemulidae 8 2.3 3 4.7 40.6 12.6 5.1
Lutjanidae 8 6.1 7 % 109 62.8 19.5 8.5
Mugilidae 1 0.7 1 15 2.0 0.6 0.9
Scaridae 1 0.7 1 1.5 0.8 0.3 0.7
Sparidae 18 18.7 16 25.0 119.0 36.9 19.8
Sphyraenidae 2 1.5 2 3.1 30.4 9.4 3.7
Unid. teleosts 22 16.8 18 28.2 8.5 2.6 12.4
Mollusca 2 1.5 2, 3.1 2.9 0.9 1.4
Crustacea 10 7.7 9 14.1 1.4 0.4 5.8
Angiospermi 21 - 16.1 21 828 0.8 0.3 12.9
/

Food consumption.—Empty stomachs, number of
items per stomach, and stages of digestion: a
total of 22 empty stomachs (25.6%) was found.
A Chi-square test revealed no significant dif-
ferences in the proportion of empty stomachs
among eight 3 h time intervals (x* = 1.032, P
> 0.05). The proportion of empty stomachs in
males and females was not independent of time
of day (G-test [G = 6.2 with Yate’s correction,
P =< 0.05], Sokal and Rohlf, 1981). The pro-
portion of empty stomachs (both sexes com-
bined) appeared to be higher during daytime.
However, an a posteriori test for the equality
of two percentages revealed that this difference
was not statistically significant (t = 1.9, P > 0.05,
n = 86).

Of the 64 stomachs containing food, 36
(566.2%) contained a single food item, whereas
multiple food items were found in the other 28
(43.8%) stomachs. Of the 36 stomachs contain-
ing only one food item, 21 (32.8% of the total
64 sharks) were in a late stage of digestion (stages
5-7). The distribution of qualitative stages of
digestion assigned to each food item:showed
that items appeared in all stages of digestion.
Differences between stage-of-digestion values

of first and last food items were calculated for
24 stomachs containing multiple food items and
a mean difference of 2.25 (+1.67 SD) stage-of-
digestion units, equivalent to a feeding duration
of approx. 11 h was found.

Calorimetry and stomach capacity.—Energy value,
water, and ash content of the most represen-
tative prey items in the diet of young lemon
sharks from the Florida Keys are listed in Table

4. A mean energy value of 4.6 kJ/g live weight

was obtained for food consumed by sharks from
data set 2. Mean maximum capacity of the stom-
achs was 5.7% (+2.6 SD) BW (assuming the
density of fish prey is 1 g/cc; Jones and Geen,
1977). Excluding empty stomachs, the mean
quantity of food in the stomach of sharks from
data set 2 (0.55% BW) was 9% of maximum

capacity.

Weight of stomach contents, feeding periodicity, and
tidal effects.—Weight of stomach contents (g dry
weight/kg shark) of males and females was not
significantly different (Mann-Whitney U-test, t
= 0.765, P > 0.05, n = 86). To test for the
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TABLE4. DATA COLLECTED DURING CALORIC ANALYSIS OF FOOD ITEMS IN THE DIET OF YOUNG LEMON SHARKS,
Negaprion brevirostris, FROM DATA SET 2.

keal/g
ash-free

%Ash kcal/g dry wt dry wt keal/g live wt  kj/g dry wt

Dry/live

Species % Water wi%
Octopus sp. 85.9 14.1
Penaeus duorarum 88.1 18.9
Callinectes spp.* 67.4 32.6
Strongylura marina 65.8 34.2
Membras martinica 66.1 339
Floridichthys carpio 73.4 26.6
Gerres cinereus 73.9 26.1
Eucinostomus sp. 74.1 25.9
Sphyraena barracuda 69.7 30.3
Archosargus rhomboidalis 70.1 29.9
Lutjanus sp. 64.4 35.6
Haemulon sp. 60.6 39.4
Opsanus beta® 77.9 22.1

1.75 4.813 4.897 0.679 20.137
9.18 4.371 4.7172 0.826 18.288

46.40 3.202 5.974 1.044 13.397

12.49 — — — _—

26.68 3.386 4.289 1.148 14.167

18.13 3.941 4.655 1.048 16.489
19.60 3.837 4.589 1.001 16.054
11.76 4.544 5.078 1.177 19.012
9.87 4.404 4.825 1.334 18.426
9.49 4.482 4.907 1.340 18.753
7.40 4.660 5.005 1.659 19.497
4.61 4.729 4.947 1.863 19.786
18.24 +4.328 5.294 0.957 18.120

* From Thayer et al. (1978).
* From M. Cummings (pers. comm.).

existence of feeding periodicity, the weights of
stomach contents for each of the eight 3 h time
intervals were subjected to a Kruskal-Wallis test
(adjusted H = 8.55, P > 0.05, n = 86) which
failed to reveal any discontinuity in diel feeding
activity (Fig. 3A). To determine whether this
finding was an artifact due to the length of the
time interval chosen, the data were further
rearranged into six 4 h time intervals (Fig. 3B,
solid line), resubjected to a Kruskal-Wallis test
(adjusted H = 6.93, P > 0.05, n = 86), and
again no discontinuity was detected. An addi-

tional set of six 4 h time intervals (Fig. 3B, bro-
ken line) was resubjected to the Kruskal-Wallis
test (adjusted H=4.51, P > 0.05, n = 86) again
revealing no discontinuity. A high variability
was apparent at all sampling times. The amount
of food in the stomach of males and females
caught during the day and night was not sig-
nificantly different (two-way ANOVA with log-
transformed data). Likewise, flood and ebb tides
did not appear to have an effect on the weight
of stomach contents of males and females (two-
way ANOVA with log-transformed data).

TABLE 5. ESTIMATES OF DAILY RATION (PERCENT LIVE BoDy WEIGHT [%BW]) FOR YOUNG LEMON SHARKS,
Negaprion brevirostris, FROM DATA SET 2. Included are the relevant equations. For details, see text.

Daily ration
L Sample 2
Method \ Equation for estimating daily ration (n = 86, 31.8 C)
) (S. = Se ™Rt o
Elliott and Persson (1978) Ct 1—e™ ° DR = 2 G, = WR 2.16
B So
Diana (1979) F={—%'PR=% 1.85
w
r=—_—
i
Olson and Mullen (1986) .I.: (Ot 1.56
| DR=2
Laboratory 1 (L-1) ' 1.66
Laboratory 2 (L-2) DR = 1.25(G + M) 1.88

G ption between sampling periods; S,: amount of food in stomach at the end of the interval between catches; Sy: amount of food in
stomach at the beginning of the interval between catches; R: exponential rate of gastric evacuation; DR: daily ration; W: mean weight of food in
stomach; F: feeding frequency; B: time for comnplete gastric evacuation; E: proportion of empty stomach; S: initial meal size; £(1): proportion of
food remaining in stomach; G: growth; K,: gross conversion efficiency; M: laboratory-derived metabolic rate.
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Fig. 8. Diel variation in mean ratio of dry weight of stomach contents to wet weight of shark (g/kg) for
86 young lemon sharks, Negaprion brevirostris, from data set 2, Each value represents the mid-point of a given
time interval. Vertical lines designate 1 SD: A) open squares are the means for each of eight 3 h time
intervals, starting at 0100 h; B) solid triangles are the means for each of six 4 h time intervals, starting at
2300 h; open triangles are the means for each of six 4 h time intervals, starting at 0100 h.

Estimates of daily ration.—The estimates of daily us to investigate the diurnal feeding cycle of the
ration obtained by the different methods are young lemon shark (Table 6).

listed in Table 5. The Elliott and Persson model In the Diana model, meal frequency (F) was
produced a value of 2.16% BW and also allowed  32.9 h (24.5/1-0.256) or 1.37 d for the expo-
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TasBLE 6. DieL FEEDING CycLE AND ToTAL DalLy
RATION (PERCENT L1VE BobDY WEIGHT [%BW]) FOR
YOUNG LEMON SHARKS, Negaprion brevirostris, FROM
DATA SET 2 BY THE ELLIOTT AND PERSSON METHOD
(1978). Column (1) contains the eight 3 h sampling
intervals during which n (column (3)) stomachs were
sampled; time (column (2)) is the mid-point of each 3
h sampling interval.

Sample size
SamphnF § 0. Estimates of daily
interval Time (n = 86) rauon (%BW)
@) 3)

0100-0400 0230 3 —-0.223
0400-0700 0530 14 +0.532
0700-1000 0830 10 +1.073
1000-1300 1130 9 -0.619
1300-1600 1430 8 +0.454
1600-1900 1730 17 +0.588
1900-2200 2030 17 +0.166
2200-0100 2330 8 +0.191
0100-0400 0230 3 —

Overall 86 2.16

nential model, and 47 h (35/1-0.256) or 1.96
d for the linear model. Mean reconstructed meal
size (S,) for smaller prey items digested in an
exponential manner was 0.66% BW (+0.54 SD)
and 2.68% BW (*3.03 SD) for the larger items
digested in a linear manner. Thus, daily ration
becomes 0.48% BW (0.66/1.37) and 1.367%
BW (2.68/1.96) respectively, yielding a total
daily ration of 1.85% BW.

In the Olson and Mullen model W was 1.6 g
(+3.1 SD) for small food items, and 21.4 g
(%£29.7 SD) for larger prey items. Substituting
these values in equations (10) and (11), respec-
tively, yields a feeding rate of 0.284 and 1.287.
Total daily ration then becomes 1.56% BW (0.28
+ 1.28).

For the first of the laboratory methods (L-1),
when the estimate of growth from the field (3.8
g/d) is plotted in the ration-production relation
determined in the laboratory, it yields a daily
ration of 32.1 g/d or 1.66% BW for an average
weight shark in the middle of its first year of
life. For the other laboratory method (L-2), the
estimate of field growth (G) converted into joules
is 20.5 k] /d. Average metabolic rate (M) for the
average size shark from data set 2 (2.42 kg) is
164 kJ/d (67.8 x 2.42). When the values of G
and M are substituted in the energy budget
equation, the energy value for food consumed
becomes 230.6 k] /d. The daily ration obtained
is 45.7 g/d (230.6/5.05) or 1.88% BW.
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DiscussioN

Diet and food habits.—Our results generally agree
with the fragmentary literature reports on the
diet of the lemon shark. Clark and von Schmidt
(1965) found that an unreported number of
lemon sharks in the west central coast of Florida
fed mainly on teleosts, including the catfishes
Bagre marinus and Arius felis, mullet (Mugil sp.),
and octopods. Dahlberg and Heard (1969) found
a 238.9 cm lemon shark in waters of Georgia
containing two stingrays. In comparison, in data
set 1 two specimens of the yellow stingray, Uro-
lophus jamaicensis, and unidentifiable elasmo-
btanch remains were found in stomachs of lem-
on sharks. The southern stingray, Dasyatis
americana, has also been found in the stomachs
of pre-adult and adult lemon sharks and sting-
ray spmes are often found imbedded in the up-
per jaw cartilage of adult lemon sharks (Cortés
and Gruber, pers. obs.). Snelson and Williams
(1981) analyzed three stomachs of lemon sharks
from the Indian River lagoon system in Mel-
bourne, Florida, and found stingray, Dasyatis
sp., the American eel, Anguilla rostrata, mullet,
the striped burrfish, Chilomycterus schoepfi, and
portunid crabs. In data set 1 snake eels
(Ophichthidae) were present in 3.9% (RI) of the
cases and mullets in only 1.1%. We found por-
tunid crabs only in the smallest size group (40—
59 cm PCL). Dodrill (unpubl.) found teleosts in -
27% of the 13 lemon shark stomachs he ana-
lyzed, caught along Melbourne Beach, Florida.
He identified the hardhead catfish, Arius felis,
the crevalle jack, Caranx hippos, a balistid, and
other teleosts remains. He also found an elas-
mobranch, a turtle flipper and a stomatopod
shrimp. In comparison, in the present study jacks
(Carangidae) and the hardhead catfish, A. felis,
represented 4.4% and 1.3% of the RI, respec-
tively.

For young lemon sharks, our findings reveal
that the Florida Keys population feeds almost
exclusively on teleosts. Springer (1950) report-
ed small amphipods and other crustaceans in
stomach contents of young lemon sharks, and
suggested that they also feed on schools of the
silver mullet, Mugil curema, and the striped mul-
let, M. cephalus. Schmidt (1986), working near
Sandy Key in western Florida Bay near our sam-
pling sites, found that the pink shrimp, Penaeus
duorarum, the toadfish, Opsanus beta, and the
pinfish, Lagodon rhomboides, constituted the ma-
jor prey items in the diets of 18 young lemon
sharks ranging in size from 57.7-99.9 cm TL.
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In data set 2 of the present study, the seabream,
Archosargus rhomboidalis, the gold-spotted killi-
fish, Floridichthys carpio, snappers, Lutjanus sp.,
mojarras, Eucinostomus sp., grunts, Haemulon sp.,
and portunid crabs, Callinectes sp., were the most
important food items. These results may reflect
the availability of prey in each study site. Schmidt
(1986) reported that the most representative
food items in his diet analysis were among the
most important numerically in the grass beds
near his study site. Biomass studies are under
way at our sampling sites to try to determine
whether young lemon sharks indeed prey on
the most abundant prey items, or exhibit some
degree of selectivity.

Young lemon sharks appear to feed upon two
main categories of fishes: small fishes that school
over shallow grass beds, such as killifishes, sil-
versides, and mojarras, which are usually swal-
lowed whole; and larger, predatory fishes, such
as young seabreams, snappers, and grunts. These

larger fishes feed nocturnally on grassy bottoms-

and are ordinarily bitten by the sharks into pieces

as attested by the presence in parts in the stom-

ach contents. However, in one unusual case a
55.5 cn PCL lemon shark contained whale
specimens of the barracuda, Sphyraena-barra-
cuda (22 cm), a seabream (12 cm), a mullet (24

cm), and a gold-spotted killifish (5 c¢m). This

finding indicates that lemon sharks can be op-
portunistic feeders.

There appears to be an ontogenetic change
in the diet of the lemon shark. As the shark
ages, the variety of habitats it occupies in-
creases. It no longer feeds on the flats exclu-
sively but moves on to the reef, and adults can
be found to at least 50 m. This ontogenetic
change in both types and size of habitat brings
about an increase in prey availability and prey
types. For example, we found elasmobranchs

and lobsters only in the stomachs of the-largest -

sharks (>140 cm PCL), and adult jacks, ordi-
narily found in deeper water, consistently ap-
peared in sharks larger than 80 cm PCL only.
However, we believe that the existence of turtle

grass in the diet of all the size classes studied-

attests to the benthic feeding habits of lemon
sharks.

a

Diel changes in stomach contents.—The finding of -

food in all stages of digestion in stomachs of
young lemon sharks sampled at hourly intervals
indicates that there is no preferred time of the
day or night when a majority of sharks feed (i.e.,
feeding is asynchronous in the population). The
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time young lemon sharks actively feed (feeding
duration) was estimated to be approximately 11
h. Medved et al. (1988) found that the feeding
duration of young sandbar sharks, Carcharhinus
plimbeus, in Chincoteague Bay, Virginia, was
short relative to time for complete.gastric evac-
uation. However, these authors found a time of
81.5 h for complete gastric evacuation of a-meal,
compared to the 24-41 h estimates derived from
the studies of the lemon shark. We found that
the duration of feeding represents ¥4 of gastric
evacuation time, compared to %, in the study
by Medved et al.

We also found that of all the stomachs con-
taining food, 50 (78%) contained only one or
two food items. Any shark feeding continuously
would be ‘expected to have many food items at
various stages-of digestion in the stomach. How-
ever, we found only 14 (22%) stomachs con-
taining three or more food items. Therefore,
we camr reasonably-conclude that feeding is not
continuous, but rather intermittent.

‘Holden (1966) and Jones and Geen (1977)
reported that the-spiny-dogfish, Squalus.acan-
thias,-ceased to feed until digestion was com-
plete. Medved et al. (1988).also suggested that
young sandbar sharks cease-feeding after con-
sumption of a meal. -Qur data cannot clearly
resolve whether young lemon sharks cease feed-
ing after.consuming a meal and wait until diges-
tion.is-complete to take a new meal. On-the one
hand, 25% of the populauon had-empty stom-
achs. Since gastric evacuation is complete in
about 1-2 d, the sharks with empty stomachs
had not consumed any food -for at least this
amount of time. In addition, 25 stomachs (rep-
resenting 29% of the population) contained a
single food item in a late stage of digestion (%
= 5.5 * 1.0 SD), indicating that these sharks
had not consumed any food for about 28 h prior
to when they were caught: These two pieces of
evidence suggest that the interval between meals
is at least close to digestion time -in over 50%
of -the cases. Furthermore, feeding frequency
estimated by-the Diana model ranged from 33-
47 h. Therefore, these three pieces-of evidence
(i.c., percentage of empty stomachs, occurrence
of a'single food item in a late stage of digestion,
and-feeding frequency) lend support to the hy-
pothesis that lemon sharks cease feeding after
consuming a 'meal and do not feed again until
digestion is complete or almost complete. On
the other hand, we found seven stomachs with
food items having differences between stage-of-
digestion values ranging from 3-6 units, indi-
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cating that feeding does not always cease after
consumption of a meal, or that a2 meal may con-
sist of several short feeding bouts separated in
time and consisting in turn of different prey
with different digestibilities. Laboratory obser-
vations showing that sharks will take an addi-
tional meal with food still in the stomach further
support this interpretation.

Lemon sharks in the laboratory increase ac-
tivity and metabolic rate at the onset of darkness
(Gruber, 1984), probably as a result of an in-
ternal rhythm. Longval et al. (1982) found a 4
d cycle in food intake of captive lemon sharks
and speculated that the peak may have been
mediated by an internal rhythm. Finally, Gru-
ber (1984) obtained preliminary telemetry data
showing that lemon sharks are more active at
night. We found no temporal difference in the
amount of food in stomachs of lemon sharks.
The high variability present at all sampling times
seems to indicate that young lemon sharks do
not feed preferentially at any time of the day
or night. However, our study is continuing and
a larger sample size will allow us to reveal any
increased nocturnal feeding activity as a con-
sequence of the suggested internal rhythms, and
whether feeding activity is influenced by the
tidal cycle. In the present study tidal cycle was
not found to affect feeding activity.

To summarize, it appears that a majority of
young lemon sharks would actively feed for
about 11 h, regardless of time of the day or tidal
phase, then go without feeding for the next 33—
47 h.

Daily ration.—Qur estimates of daily ration var-
ied between 1.56% BW and 2.16% BW at a
mean temperature of 31.8 C. The assumption
of continuous feeding implicit in the Elliott and
Persson model is not valid for the lemon shark.
However, the violation of this assumption does
not affect the estimate of daily ration because
the interval between samples was kept to 3 h or
less. Similarly, evacuation of large, nutrient-rich
prey items does not seem to follow an expo-
nential function, but a linear pattern (Jobling,
1987). Large food items were found in a num-
ber of cases in the stomachs of lemon sharks,
suggesting that the assumption of an exponen-
tial evacuation rate was violated and that the
Elliott and Persson model was not totally ade-
quate to estimate daily ration.

The assumptions implicit in the Diana model
were generally well satisfied. Thus, we have
shown that feeding is asynchronous and inter-
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mittent, and feeding bouts are relatively short.
Time between meals, however, is not always
longer than digestion time. Estimating daily ra-
tion separately for small, easily digested prey
and for larger food items seems appropriate in
the light of the evidence (Jobling, 1987) existing
on the pattern of gastric emptying in fish.

The estimate of daily ration by the Olson and
Mullen model was 1.56% BW. This method has
the advantage of not making any assumptions
about the pattern of food evacuation. Estimat-
ing a separate feeding rate for each of the two
prey categories considered (small and large) in
the present study seems therefore adequate.

Multiple meals may have biased the daily ra-
tion estimates by both the Elliott and Persson,
and the Olson and Mullen models, since these
methods assume that every food item is evac-
uated independently of other food items in the
stomach, an assumption that Persson (1984)
found to be unsatisfied in his study of daily ra-
tion in the European perch, Perca fluviatilis.

The adequateness of the laboratory methods
(L-1 and L-2) is associated with the reliability
of the estimates of growth and metabolism. It
is particularly difficult to assess how well the
value of metabolic rate derived from the labo-
ratory studies fits the real energy expenditure
in the wild. This is because it is hard to evaluate
the magnitude and direction of the overall
change in metabolism in the field. Whereas in
the laboratory the sharks were held at a con-
stant temperature of 25 C, in the wild sharks
experienced a range of temperatures around
31.8 C. Furthermore, the energy costs of
searching and foraging are unknown. One of
us (SG) is presently addressing these questions
by measuring heart-rate and using ultrasonic
telemetry to determine activity and metabolism
in frée-ranging lemon sharks.

Although none of the models tested is com-
pletely ideal for estimating the daily ration of
the lemon shark, the assumptions implicit in
some of them are relatively well satisfied. Fur-
thermore, our estimates of daily food consump-
tion of the young lemon shark obtained through
the five methods are in a narrow range, sug-
gesting that they are close to the actual value
of daily ration.

A value between 1.5% BW and 2.1% BW in-
dicates that the daily ration of young lemon
sharks is in the lower end of the range of daily
rations of teleosts (Table 7). This is probably
because, as a literature review indicated, most
teleosts have a gastric evacuation time about 2.5
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TasLE7. DaiLy RATION (DR) AND TOTAL GASTRIC EVACUATION TIME (TGET) FOR SEVERAL ELASMOBRANCH
AND TELEOST SPECIES.

Species DR TGET (h) Evacuation model Study
Elasmobranchs
Squalus acanthias 1.3(10 C) 124 Linear Jones and Geen (1977)
(spiny dogfish)
Isurus oxyrhinchus 3.1(190 ? ? Stillwell and Kohler (1982)
(shortfin mako)
Carcharhinus plumbeus 1.0 (25 C) 71-92 Gompertz Medved et al. (1988)
(sandbar shark) (22-30 C)
Negaprion brevirostris 1.5-2 25-41 Exponential, Schurdak and Gruber (1989)
(lemon shark) (23-32 C) (20-29 C) linear
Teleosts =
Thunnus albacares 2.8-4.5 9 Linear Olson and Mullen (1986)
(yellowfin tuna)
Stizostedion vitreum 1-3 12 < Linear Swenson and Smith (1973)
(walleye)
Micropterus salmoides 5.5-8.4 14-19 Linear Molnar and Tolg (1962);
(largemouth bass) (24-25 C) (22-25 C) Hunt (1960)

times shorter than the lemon shark at the same
temperature ranges. Thus, faster evacuation
rates probably enhance food intake and growth
in teleosts. To date, only three studies have pro-
vided estimates of daily ration in other elas-
mobranchs (Table 7). Jones and Geen (1977)
reported an average value of 1.3% BW at 10 C
for captive spiny dogfish, a value consistent with
the slow growth rate, low metabolic rate, and
long evacuation time of this species. Daily ration
of the shortfin mako, Isurus oxyrhinchus, was es-
timated at around 3.2% BW at 18.8 C (Stillwell
and Kohler, 1982). Lamnid sharks and other
fast-swimming, active teleosts like tuna, Thun-
nus sp., and billfishes (Istiophoridae) are pred-
ators capable of maintaining viscera and muscle
temperatures several degrees above ambient
water temperature (Car}ey and Teal, 1969). This
capacity to retain metabolic heat probably speeds
up digestive processes, shortens the time for
gastric emptying and enhances food intake. A
similar mechanism could operate in the great
white shark, Carcharodon carcharias, which ap-
pears to keep elevated intragastric tempera-
tures (McCosker, 1987). Finally, Medved et al.
(1988) estimated the daily ration of young sand-
bar sharks at around 1% BW at 25 C. The dif-
ference in the daily ration estimates for young
lemon sharks and sandbar sharks is probably
due to a slightly faster growth rate of the lemon
shark (Henningsen and Gruber, unpubl.), lower
metabolic rate and energy requirements of the
sandbar shark (not reported), ambient water

temperature in both studies, and energy value
of food consumed by both species.

ACKNOWLEDGMENTS

We thank A. D. Henningsen for collecting
stomach contents for us during 1981-84, W.
T. Servatt and W. B. Botten for their assistance
in locating the sharks, and M. Cergol and S.
Pardo for their help throughout the summer
1986 collection. We are indebted to C. R. Ro-
bins for his valuable assistance in identifying the
fish species, D. Die for his help with computer
and statistics, and J. Fraga for the illustrations.
Thanks are due to D. Schaad from Mercury/
Mariner Motors and R. Attanazio from Davie
Marine for providing the engine and boat re-
spectively for this study. We also thank K. M.
Sullivan and D. P. de Sylva for their comments
on an early draft of this manuscript. This re-
search is based upon work supported by the
National Science Foundation under grant NSF-
OCE8601146 to SHG. EC was supported by a
scholarship from the Spanish Fulbright Pro-

gram.

LITERATURE CITED

BusHNELL, P. G. 1982. Respiratory and circulatory
adjustments to exercise in the lemon shark, Nega-
prion brevirostris (Poey). Unpubl. M.S. thesis, Uni-
versity of Miami, Miami, Florida.

CAREY, F. G, AND J. M. TEAL. 1969. Mako and por-



218

beagle: warm-bodied sharks. Comp. Biochem.
Physiol. 28:199-204.

CLARK, E., AND K. vON ScumIDT. 1965. Sharks of
the central gulf coast of Florida. Bull. Mar. Sci. 15:
15-83.

Corrtis, E. 1987. Diet, feeding habits, and daily ra-
tion of young lemon sharks, Negaprion brevirostris,
and the effect of ration size on their growth and
conversion efficiency. Unpubl. M.S. thesis, Univer-
sity of Miami, Miami, Florida.

DAHLBERG, N. D., AND R. W. HEARD. 1969. Obser-
vations on elasmobranchs from Georgia. Quart. J.
Fla. Acad. Sci. 32:21-26.

DIANA, J. S. 1979. The feeding pattern and daily
ration of a top carnivore, the northern pike, Esox
lucius. Can J. Zool. 57:2121-2128.

ELLioTT, J. M., AND L. PErssoN. 1978. The esti-
mation of daily rates of food consumption for fish.
J. Anim. Ecol. 47:977-991.

GRUBER, S. H. 1982. Role of the lemon shark, Ne-
gaprion brevirostris (Poey) as a predator in the trop-
ical marine environment: a multidisciplinary study.
Fla. Sci. 45:46-75.

. 1984. Bioenergetics of the captive and free-
ranging lemon shark. Proc. Amer. Assoc. Zoos,
Parks, Aquar. 60:340-373.

HoLpEN, M. J. 1966. The food of the spurdog, Squa-
lus acanthias (L.). J. Cons. Perm. Intern. Explor.
Mer 30:255-266.

HunT, B. P. 1960. Digestion rate and food con-
sumption of Florida gar, warmouth, and large-
mouth bass. Trans. Amer. Fish. Soc. 89:206-211.

HysLop, E. ]J. 1980. Stomach contents analysis—a
review of methods and their application. J. Fish
Biol. 17:411-429.

JosLinGg, M. 1987. Influences of food particle size
and dietary energy content on patterns of gastric
evacuation in fish: test of a physiological model of
gastric emptying. Ibid. 30:299-314.

Jones, B., AND G. GeEN. 1977. Food and feeding of
spiny dogfish (Squalus acanthias) in British Columbia
waters. J. Fish. Res. Bd. Can. 34:2067-2078.

LonGvAL, M. J., R. M. WARNER AND S. H. GRUBER.
1982. Cyclical patterns of food intake in the lemon
shark Negaprion brevirostris under controlled con-
ditions. Fla. Sci. 45:25-33.

MCcCOSKER, J. E. 1987. The white shark, Carcharodon
carcharias, has a warm stomach. Copeia 1987:195-
197.

MEepvep, R. J., C. E. STILLWELL AND J. G. CASEY.
1988. The rate of food consumption of young sand-
bar sharks (Carcharhinus plumbeus) in Chincoteague
Bay, Virginia. Ibid. 1988:956-963.

COPEIA, 1990, NO. 1

MOLNAR, G., AND 1. ToLG. 1962. Relation between
water temperature and gastric evacuation of large-
mouth bass (Micropterus salmoides Lacepede). J. Fish.
Res. Bd. Can. 19:1005-1012.

MuLLEN, A. ]J. 1986. The effect of the choice of
evacuation model on the estimation of feeding rate.
Env. Biol. Fish. 16:213-217.

OLson, R. ], AND A. J. MULLEN. 1986. Recent de-
velopments for making gastric evacuation and daily
ration determinations. Ibid. 16:183-191.

PeErssoN, L. 1984. Food evacuation and models for
multiple meals in fishes. Ibid. 10:305-309.

PINgAS, L. M., S. OLIPHANT AND 1. L. K. 1VERSON.
1971. Food habits of albacore, bluefin tuna and
bonito in Californian waters. Calif. Fish Game 152:
1-105.

ScHmIDT, T. W. 1986. Food of young juvenile iemon
sharks, Negaprion brevirostris (Poey), near Sandy Key,
western Florida Bay. Fla. Sci. 49:7-10.

ScHURDAK, M. E., AND S. H. GRUBER. 1989, Gastric
evacuation of the lemon shark Negaprion brevirostris
(Poey) under controlled conditions. Exp. Biol. 48:
77-82.

SokaL, R. R, AND F. J. RoHLF. 1981. Biometry. 2nd
ed. W. H. Freeman & Company, New York, New
York.

SPRINGER, S. 1950. Natural history notes on the lem-
on shark, Negaprion brevirostris. Tex. J. Sci. 3:349-
359.

StiLLweiLL, C. E,, aAnND N. E. KoHLER. 1982. Food,
feeding habits, and estimates of daily ration of the
shortfin mako (Isurus oxyrhinchus) in the north-
western Atlantic. Can. J. Fish. Aquat. Sci. 39:407-
414.

SWENSON, W. A., AND L. L. SMITH. 1973. Gastric
digestion, food consumption, feeding periodicity,
and food conversion efficiency in walleye (Stizoste-
dion vitreum vitreum). J. Fish. Res. Bd. Can. 30:1327-
1336.

THAYER, G. W., W. E. SCHAAF, J. W. ANGELOVIC AND
M. W. LA Croix. 1973. Caloric measurements of
some estuarine organisms. Fish. Bull. 71:289-296.

WINBERG, G. G. 1960. Rate of metabolism and food
requirements of fishes. Fish. Res. Bd. Can., Trans.
Ser. 194:1-202.

ROSENSTIEL SCHOOL OF MARINE AND ATMO-
SPHERIC SCIENCE, UNIVERSITY OF MiaMmi,
Miami, FLORrRIDA 83149. Accepted 14 April
1989.





